Poynting vector as electromagnetic power flow has prevailed over one hundred years in the community. However in this paper, it is shown from Maxwell equations that the Poynting vector may not represent the electromagnetic power flow for a plane wave in a non-dispersive, lossless, non-conducting, anisotropic uniform medium; this important conclusion revises the conventional understanding of Poynting vector. It is also shown that this conclusion is clearly supported by Fermat's principle and special theory of relativity.
Introduction
An electromagnetic (EM) plane wave, although not practical, is a simplest strict solution of Maxwell equations, and it is often used to explore most fundamental physics. For example, Einstein used it to develop his special theory of relativity and derived the well-known relativistic Doppler formula [1] .
In conventional EM wave theory, Poynting vector as EM power flow (the rate of flow of energy per unit area per unit time) has been thought to be a well-established basic concept [2] [3] [4] [5] [6] [7] . In view of the existence of some kind of mathematical ambiguity for this concept, some scientists suggested it to be a "hypothesis", "until a clash with new experimental evidence shall call for its revision" [2] . However this conventional concept has been questioned from various perspectives [8] [9] [10] . Nevertheless, recently some scientists have proposed it to be a "postulate" for resolution of the long-lasting Abraham-Minkowski controversy [11, 12] . This situation is very confusing.
In this paper, from Maxwell equations it is shown that the Poynting vector does not necessarily represent the EM power flow for a monochromatic plane wave in a non-dispersive, lossless, non-conducting, anisotropic uniform medium. This important conclusion revises the basic concept, which has prevailed over one hundred years. It is also shown that this conclusion is clearly supported by Fermat's principle and special theory of relativity.
Proof
As a basic concept of EM wave theory, the correctness of Poynting vector as EM power flow should withstand any tests of EM waves, especially the test of a monochromatic plane wave, because the Poynting vector consists of the EM fields satisfying Maxwell equations while a monochromatic plane wave satisfies the Maxwell equations.
In a non-dispersive, lossless, non-conducting, anisotropic uniform medium, for a monochromatic plane wave with a phase function ) ( are real because the medium is assumed to be lossless and non-conducting.
By making cross products of
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is the phase velocity, and
is the unit wave vector. By making inner products of
(EM energy density), from Eqs. (3) and (4) we obtain pseu power
and they are perpendicular each other ( ) 
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, which means that power S is responsible for a power flowing in and out in a differential box, and the powers going in and out are the same on time average, with no net energy left in the box.
In contrast, from Eq. (7) we have 
S S =
; thus the Poynting vector always represents the power flow.
In an electro-anisotropic uniaxial medium, which is the simplest anisotropic medium, for any given propagation direction there are two kinds of waves: ordinary wave and extraordinary wave [13] . For the ordinary wave, with 
In principle, EM field solutions can be obtained by solving Maxwell equations associated with their boundary conditions without any ambiguity. However there does be some ambiguity for the definition of power flow in terms of above Eq. (8). Traditionally, H E S × = is defined as the power flow [2] [3] [4] [5] [6] [7] . However by adding a term with a zero divergence to S , Eq. optical axis Z for extraordinary wave in an electro-anisotropic uniaxial medium [13] . 
, and this re-definition has no effect. From above analysis we can see that, from the viewpoint of EM energy conservation, S and power S have the equal right to be the power flow. However S , as being EM power flow, may contain a unphysical pseudo-power flow, while power S does not. From this perspective, it is justifiable to take power S as the correct power flow in an anisotropic medium (crystal). Fermat's principle is an additional physical condition imposed on the direction of EM energy transport. The medium, which supports a plane wave, is uniform (
, but it can be isotropic or anisotropic. According to the Fermat's principle, the optical length of an actual ray from one equi-phase plane to the next is the one to make medium, which means that the conventional understanding of Poynting vector [2] [3] [4] [5] [6] [7] should be revised. However it should be emphasized that the Poynting-vector surface integral
is always equal to the total EM power, no matter whether in an isotropic or anisotropic dielectric medium.
